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Description 

The present invention relates to the acylation ot proteins. More particularly, the invention relates to a one-step 
process for selectively acylating the e-amino group of proinsulia insulin or an insulin analog in the presence of a free 
5 a-amino group. 

The acylation of amino groups is one of the most common means employed for chemically modifying proteins. 
General methods of acylation are set forth in Methods o< Enzvmoloqy ; 25: 494-499 (1972) and include the use of 
activated esters, acid halides : or acid anhydrides. The use of activated esters, in particular N-hydroxysuccinimide 
esters of fatty acids is a particularly advantageous means of acylating a free amino acid with a fatty acid. Lapidot et 

10 al., J. of Lipid Res. 8: 142-145 (1967). Lapidot et al. describe the preparation of N-hydroxysuccinimide esters and their 
use in the preparation of N-lauroyl-glycine, N-lauroyl-L-serine, and N-lauroyl-L-glutamic acid. 

Early studies of selectively acylating the amino groups of insulin are described in Lindsay et al., in Biochem. J. 
121 ; 737-745 (1971). Lindsay et al., describe the reactivity of insulin with N-succinimidyl acetate at low reagent con- 
centration and near neutral pH as producing two mono-substituted products, Phe B1 -acetyl-insulin and Gly A1 -acetyl 

15 insulin. At pH 8.5, the amount of Phe B1 -acetyl insulin produced is lowered and Lys B29 -acetyl-insulin is also produced. 
Thus, Lindsay et al., conclude at pH 6.9 the order of reactivity is Glycine(A1)=Phenylalanine(B1)»Lysine(B29) and 
at pH 8.5 Glycine(A1)>Phenylalanine=Lysine(829). ]d, 

Lindsay et al. t U.S. Patent 3,869,437, disclose the acylation of the B 1 amino acid with an acyl group containing up 
to seven carbons and optionally blocking the A 1 - and/or B 29 ~amino group with an acyl group with up to four carbons. 

20 N-hydroxysuccinimide esters are described as particularly advantageous acylating agents. In order to produce the 
maximum yield of insulin acylated at the B 1 -amino group, the proportion of acylating agent is relatively low (one to not 
more than two molar equivalents of acylating agent). In addition, the maximum yield of mono-substituted B 1 product 
is produced at a pH at or near about pH 7. At pH 8.5 to 9.0, the yield of the desired B 1 acylated product falls off 
considerably in favor of additional substitution at positions A 1 and B 29 

25 D.G. Smyth, in U.S. patent 3,868,356 and Smyth et al., in U.S. patent 3,868,357 disclose N-acylated, O-substituted 

insulin derivatives in which at least one of the A 1 , B 1 or B 29 amino acid amino groups is converted into a blocked amino 
group. The acylation is carried out with a relatively small excess of acylating agent, e.g., from 2 to 3 moles per amino 
group at a neutral or mildly alkaline pH, e.g., 7-8. The reaction proceeds in very high yield with the formation of the di- 
substituted derivative resulting from the reaction of the A 1 - and B 1 - amino groups. In the presence of excess acylating 

so agent : e.g., up to 10 molar, the reaction proceeds additionally at the B 29 - amino group to form the tri-substituted de- 
rivative. 

To selectively acylate insulin, Muranishi and Kiso, in Japanese Patent Application 1-254,699, disclose a five-step 
synthesis for preparing fatty acid insulin derivatives. Step one, the activated fatty acid ester is prepared; Step two : the 
amino groups of insulin are protected with p-methoxy benzoxy carbonylazide (pMZ); Step three, the insulin-pMZ is 

35 reacted with the fatty acid ester; Step four, the acylated insulin is deprotected: and Step five, the acylated insulin is 
isolated and purified. Most notably, selective acylation of one amino group is only achieved by using the pMZ blocking 
group to protect the other amino groups. Using this methodology, Muranishi and Kiso prepare the following compounds: 
Lys B29 -palmitoyl insulin (the e-amino group is acylated), Phe B1 -palmitoyl insulin (the N terminal a-amino group of the 
B chain is acylated), and Phe B1 ,Lys B29 - dipalmitoyl insulin (both the e-amino and the N-terminal a-amino group are 

40 acylated). 

Similarly, Hashimoto eta!., in Pharmaceutical Research 6: 171 -176 (1989), teach a four step synthesis for preparing 
N-palmitotyl insulin. The synthesis includes protecting and deprotecting the N-terminal A 1 -glycine and the e-amino 
group of B 29 -lysine, with pMZ. Under the conditions described in the reference, two major acylated products are pre- 
pared, B 1 -mono-palmitoyl insulin and B^B^-dipalmitoyl insulin. 

45 Therefore, prior to the present invention, the selective acylation of the B^-N^amino group of insulin was carried 

out by protecting and subsequently deprotecting the a -amino groups. 

The present invention provides a selective one-step synthesis for acylating the e-amino group of proinsulin, insulin 
and insulin analogs. It is quite surprising that the invention is able to selectively acylate the e-amino group in an one 
step process in high yield. Thus, the invention eliminates the need to protect and subsequently deprotect other amino 

50 groups of the protein. The invention provides more efficient and less expensive means of preparing e-amino acylated 
insulin derivatives. 

The present invention provides a process of selectively acylating proinsulin, insulin, or an insulin analog having a 
free e-amino group and a free a-amino group with a fatty acid, which comprises reacting the e-amino group with a 
soluble activated fatty acid ester under basic conditions in a polar solvent. 
55 All amino acid abbreviations used in this disclosure are those accepted by the United States Patent and Trademark 

Office as set forth in 37 C.F.R. § 1.822(B)(2). 

As noted above : the present invention provides a highly selective : one step acylation of the e-amino group of 
proinsulin, insulin or an insulin analog. The invention specifies conditions that preferentially acylate the e-amino group 
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over the a-amino groups. Generally, the mono-acylated a-amino group is produced in less than 5% yield. 

The term "insulin" as used herein means human insulin, pork insulin, or beef insulin. Insulin possesses three tree 
amino groups: B 1 -Phenylalanine, A 1 -Glycine, and B 29 -Lysine. The tree amino groups at positions A 1 and B 1 are a- 
amino groups. The free amino group at position B29 is an e-amino group. 
5 The term "proinsulin" as used herein is a properly cross-linked protein of the formula: 

B-C- A 

wherein: 

A is the A chain of insulin or a functional derivative thereof; 
10 B is the B chain of insulin or a functional derivative thereof having an e-amino group; and 

C is the connecting peptide of proinsulin. 

Preferably, proinsulin is the A chain of human insulin, the B chain of human insulin, and C is the natural connecting 
peptide. When proinsulin is the natural sequence, proinsulin possesses three free amino groups: B 1 -Phenylalanine 
15 (a-amino group), C^-Lysine (e-amino group) and B 29 -Lysine (e-amino group). 

The term "insulin analog* as used herein is a properly cross-linked protein of the formula: 

A-B 

wherein: 

20 A is a functional derivative of the insulin A chain; and 

B is a functional derivative of the insulin B chain having an e-amino group. 

Preferred insulin analogs include insulin wherein: 

25 the amino acid residue at position B 28 is Asp, Lys, Leu, Val, or Ala; 

the amino acid residue at position B 29 is Lys or Pro; 
the amino acid residue at position B 10 is His or Asp; 

the amino acid residue at position B 1 is Phe, Asp, or deleted alone or in combination with a deletion of the residue 
at position B 2 ; 

30 the amino acid residue at position B 30 is Thr, Ala, or deleted; and 

the amino acid residue at position B 9 is Ser or Asp; 

provided that either position B 28 or B 29 is Lys. 

In standard biochemical terms known to the ordinarily skilled artisan the preferred insulin analogs are Lys B28 Pro B29 - 
35 human insulin (B 28 is Lys; B 29 is Pro); Asp B28 -human insulin (B 28 is Asp); Asp B1 -human insulin, Arg B31 , B32 - human 
insulin, Asp B10 -human insulin, Arg/^-human insulin, Asp B \Glu Bl3 -human insulin, Ala B26 -human insulin, des (B30)- 
human insulin, and Gfy* 21 -human insulin. 

The term "acylating" means the introduction of one or more acyl groups covalently bonded to the free amino groups 
of the protein. 

The term "selective acylation" means the preferential acylation of the e-amino group(s) over the a-amino groups. 
Generally, selective acylation results in a ratio of the amount of mono-acylated e-amino group product to mono-acylated 
a-amino group product greater than about 5. Preferably, the ratio is greater than about 10, and most preferably greater 
than about 50. 

The term "fatty acid" means a saturated or unsaturated C 6 -C 21 fatty acid. The term "activated fatty acid ester" 
means a fatty acid which has been activated using general techniques described in Methods of Enzymology , 25 , 
494-499 (1972) and Lapidot et al., in J. of Lipid Res. 8: 142-145 (1967). The preferred fatty acids are saturated and 
include myristic acid (C 14 ), pentadecylic acid (C 15 ), palmitic acid (C 16 ), heptadecylic acid (C 17 ) and stearic acid (C 18 ). 
Most preferably, the fatty acid is palmitic acid. Activated fatty acid ester includes derivatives of agents such as hydroxy- 
benzotriazide (HOBT) : N -hydroxy succinimide and derivatives thereof. The preferred activated ester is N-succinimidyl 
palmitate. 

The term "soluble" indicates that a sufficient amount of ester is present in the liquid phase to acylate the insulin, 
insulin analog or proinsulin. Preferably, about 1 to 4 molar equivalents of activated ester per mole of insulin are in the 
liquid phase. 

The term "basic conditions" as used herein refers to the basicity of the reaction. The reaction must be carried out 
with all the free amino groups substantially deprotonated. In an aqueous solvent or semi-aqueous solvent mixture, 
basic conditions means the reaction is carried out at a pH greater than 9.0. In a non-aqueous organic solvent, the 
reaction is carried out in the presence of a base with basicity equivalent to a pK a greater than or equal to 1 0.75 in water. 
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The term "cross-link" means the formation ot disulfide bonds between cysteine residues. A properly cross-tinked 
proinsulin, insulin or insulin analog contains three disulfide bridges. The first disulfide bridge is formed between the 
cysteine residues at positions 6 and 11 of the A-chain. The second disulfide bridge links the cysteine residues at position 
7 of the A-chain to the cysteine at position 7 of the B-chain. The third disulfide bridge links the cysteine at position 20 
5 of the A-chain to the cysteine at position 19 of the B-chain. 

Before the present invention, one skilled in the art selectively acylated the e-amino group by the use of a protecting 
group in a multi-step synthesis. Muranishi and Kiso, Japanese Patent Application 1-254 : 699, disclose a five-step syn- 
thesis for preparing acylated insulin derivatives. Likewise, Hashimoto et aL in Pharmaceutical Research 6: 171-176 
(1 989), teach a four step synthesis for preparing N-palmitoyl insulin. To selectively acylate the insulin, both references 
10 teach the use of the pMZ protecting group. 

The present invention produces an N e -acylated proinsulin, insulin, or insulin analog in a high yield, one step 
synthesis. The reaction permits the preparation of N e -acylated proteins without the use of amino-protecting groups. 
The acylation is carried out by reacting an activated fatty acid ester with the e-amino group of the protein under basic 
conditions in a polar solvent. Under weakly basic conditions, all the free amino groups are not deprotonated and sig- 
is nificant acylation of the N-terminal amino groups results. In an aqueous solvent or semi-aqueous solvent mixture, basic 
conditions means the reaction is carried out at a pH greater than 9.0. Because protein degradation results at a pH 
range exceeding 12.0 : the pH of the reaction mixture is preferably pH 9.5 to 11.5, and most preferably 10.5. The pH 
measurement of the reaction mixture in a mixed organic and aqueous solvent is the pH of the aqueous phase prior to 
mixing. 

20 The data in Table 1 demonstrates the effect of the basicity of the reaction on the selectivity of the reaction. The 

data presented in Table 1 was generated with human insulin acylated with two molar equivalents N-succinimidyl pa Imi- 
tate in 50 % CH 3 CN/water. 



Table 1 : 



Effects of pH on the acylation of Insulin 




Relative amount of product 


Reaction products 


pH8.2 


pH 9.5 


pH 10.2 


Human insulin 


85.2 % 


125% 


1.6% 


Mono-acylated A1 and B1 


8.1 % 


0.3% 


0.4 % 


Mono-acylated B29 


5.2 % 


70.2 % 


79.6 % 


Bis acylated 


0.7 % 


16.7% 


17.7% 


Ratio of Mono-acylated B29 to Mono-acylated A1 and B1 


0.64 


234 


199 



Table 1 demonstrates that the acylation of the £-amino group is dependent on the basicity of the reaction. At a pH 
greater than 9.0, the reaction selectively acylates the e-amino group of B29-lysine. 

In a non-aqueous solvent, the reaction is carried out in the presence of a base with basicity equivalent to a pK a 
greater than or equal to 10.75 in water in order to sufficiently deprotonate the e-amino group(s). That is, the base must 
be at least as strong as triethylamine. Preferably, the base is tetramethylguanidine (TMG), diisopropylethylamine, or 
tetrabutylammonium hydroxide. 

The choice of polar solvent is dependent largely on the solubility of the proinsulin, insulin, or insulin analog and 
the fatty acid ester. Most significantly, the solvent may be wholly organic. Generally acceptable organic solvents include 
DMSO : DMF and the like. Aqueous solvent and mixtures of aqueous and organic solvents are also operable. The 
selection of the polar solvents is limited only by the solubility of the reagents. Preferred solvents and solvent systems 
are DMSO: DMF; acetonitrile and water; acetone and water; ethanol and water; isopropyl alcohol and water; isopropyl 
alcohol, ethanol and water; and ethanol, propanol and water. Preferably, the solvent is acetonitrile and water; most 
preferably 50 % acetonitrile. One skilled in the art would recognize that other polar solvents are also operable. 

The ratio ot the reactants is not critical. Generally it is preferred that the activated fatty acid ester be in molar 
excess. Preferably the reaction is carried out with 1 to 4 molar equivalents, most preferably 1 to 2 molar equivalents, 
of the ester. However, one skilled in the art would recognize that at very high levels of activated ester bis or tri-acylated 
product will be produced in significant quantity. 

The temperature of the reaction is not critical. The reaction is carried out at between 0 to 40 degrees Celsius and 
is generally complete in 15 minutes to 24 hours. 

After acylation, the reaction is quenched, and the product is purified by standard methods such as reverse phase 
or hydrophobic chromatography. Thereafter, the product is recovered by standard methods such as freeze drying or 
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crystallization. 

Proinsulin, insulin and insulin analogs can be prepared by any of a variety of recognized peptide synthesis tech- 
niques including classical (solution) methods, solid phase methods, semi-synthetic methods, and more recent recom- 
binant DN A methods. For example, Chance etal., U.S. patent application number 07/388,201, EPO publication number 

s 383 472, Brange et aL, EPO 214 826, and Belagaje et al., U.S. Patent 5,304,473 disclose the preparation of various 
proinsulin and insulin analogs and are herein incorporated by reference. The A and B chains of the insulin analogs of 
the present invention may also be prepared via a proinsulin-like precursor molecule using recombinant DNA techniques. 
See Frank et al., Peptides: Svnthesis-Structure-Function , Proc. Seventh Am. Pept. Symp., Eds. D. Rich and E. Gross 
(1981) which is incorporated herein by reference. 

io The following examples are provided merely to further illustrate the invention. The scope of the invention is not 

construed as merely consisting of the following examples. 

Example 1 

'5 Acylation of Insulin Using N-Succinimidyl Palmitate in DMSO 

Biosynthetic Human Insulin (BHI) crystals (71 .9 mg) were dissolved in 6.58 ml_ of DMSO. The solution was stirred 
at room temperature until the crystals were fully dissolved by visual inspection. A solution of activated ester (N-suc- 
cinimidyl palmitate) was prepared by adding 20 mg of the solid activated ester to 2 ml_ of DMSO and vigorously stirring 

20 until all the activated ester particles were in solution by visual inspection. At that time, 1,1,3,3-Tetramethylguanidine 
(26.8 pi) was added to 5 mL of the BHI solution, followed by DMSO (94.4 ml_) and the previously prepared activated 
ester solution (400 fil). The reaction was allowed to proceed at room temperature (20 to 25°C) for approximately 60 
minutes. A sample was removed after 15 minutes, diluted 20-fold with 1 N acetic acid and analyzed by HPLC. The 
reaction yield calculated as the amount of 829-N € -Palmitoyl Human insulin in the quenched sample divided by the initial 

25 amount of BHI was 67. 1 %. 

Example 2 

Acylation of Insulin Using N-Succinim idyl Palmitate in Acetonitrile and Water 

30 

Biosynthetic Human Insulin (BHI) crystals (199.5 g) were dissolved in 20 L of 50 mM boric acid solution at pH 2.5. 
The pH of the solution was readjusted to 2.5 using 10% HCI, and the solution was stirred until the crystals were fully 
dissolved by visual inspection. A sample of the starting material was removed, and the absorbance measured at 276 
nm was 10.55. A solution of activated ester (N-Succinimidyl Palmitate) was prepared by adding 24 g of the solid acti- 
os vated ester to 2.4 L of acetonitrile pre-heated to approximately 50° C and vigorously stirring until all the activated ester 
particles were in solution by visual inspection. At that time, the pH of the BHI solution was adjusted to approximately 
10.22 by the addition of 10% NaOH. Acetonitrile (18 L) was added to the pH adjusted BHI solution. The reaction was 
allowed to proceed at room temperature (20 to 25° C) for 110 minutes, then quenched by adding water (123 L) and 
adjusting the pH of the resulting diluted solution to 2.01 using 10% HCI and 10% NaOH. The reaction yield calculated 
40 as the amount of B29-N e 'PalmitoylHuman insulin in the quenched reaction divided by the initial amount of BHI was 73%. 

Example 3 

Acylation of Lys B28 Pro B29 - Human Insulin Using N-Succinimidyl Palmitate in Acetonitrile and Water 

45 

Lys B28 Pro B29 -Human Insulin crystals (2.22 g) were dissolved in 100 mL of 50 mM boric acid solution at pH 2.5. 
The pH of the solution was readjusted to 2.5 using 10% HCI, and the solution was stirred until the crystals were fully 
dissolved by visual inspection. A solution of activated ester (N-Succinimidyl Palmitate) was prepared by adding 270 
mg of the solid activated ester to 27 mL of acetonitrile pre-heated to approximately 50° C and vigorously stirring until 

50 all the activated ester particles were in solution by visual inspection. The pH of the solution was adjusted to approxi- 
mately 10.22 by the addition of 10% NaOH, and the solution was allowed to stir at 4°C for 15 minutes. Acetonitrile (73 
mL) was added to the pH adjusted solution, followed by the previously prepared activated ester solution. The reaction 
was allowed to proceed at 4° C for 85 minutes, and was quenched by adding 1 N acetic acid (600 mL), resulting in a 
pH of 2.85. The reaction yield calculated as the amount of B28-N c -Palmitoyl Lys B28 Pro B29 -human insulin in the 

55 quenched reaction divided by the initial amount of Lys B2S Pro 629 - human insulin was 72.5%. 
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Example 4 

Acylation of BHI Using N-Succinimidyl Palmitate in Acetonitriie and Water 

5 Biosynthetic Human Insulin (BHI) crystals (3 g) were dissolved in 300 mL of 50 mM boric acid solution at pH 2.5. 

The pH of the solution was readjusted as necessary to 2.5 using 1 0% HCt and the solution was stirred until the crystals 
were fully dissolved by visual inspection. A solution of activated ester (N-Succinimidyl Palmitate) was prepared by 
adding 400 mg of the solid activated ester to 40 mL of acetonitriie and vigorously stirring. At that time, the pH of the 
BHI crystals solution was adjusted to approximately 10.2 by the addition of 10% NaOH. Acetonitriie (240 mL) was then 

10 added to the BHI solution followed by the previously prepared activated ester solution. The reaction was allowed to 
proceed at room temperature (20 to 25° C) for approximately 90 minutes, then quenched by adding water (1800 mL) 
and adjusting the pH of the resulting diluted solution to approximately 2.5 using 10% HCL The reaction yield calculated 
as the amount of B29-N e -Pa!mitoyl Human insulin in the reaction divided by the initial amount of BHI was 75.7%. 

is Example 5 

Acylation of Proinsulin with N-Succinimidyl Palmitate in Acetonitriie and Water 

Human Proinsulin (HPI) aqueous solution (28.2 mg/mL) was diluted with 50 mM boric acid to a final volume of 100 
20 mL at 16.2 mg/mL HPI. The activated ester solution was prepared concurrently by dissolving 150 mg of N-succinimidyl 
palmitate in 15 mL acetonitriie (ACN) with rapid agitation. The pH of the HPI solution was then adjusted to 10.2 with 
10% NaOH followed by the addition of 88 mL ACN. The reaction was initiated by addition of 12 mL activated ester 
solution (a 2x molar excess over HPI). The final reaction volume was 200 mL, 8 mg/mL HPI in 50% aqueous ACN. 
The reaction was allowed to proceed at room temperature (20 to 25°C) for approximately 60 minutes, then quenched 
25 by adding an equivalent volume (200 mL) of 50 mM glycine, pH 10.0. 

The exact ratios of e-amino acylated species to a-amino acylated species were not calculated, the sum of all e- 
amino acylated species within the chromatogram accounted for 87-90% of the total area, while the sum of all related 
substances (which would presumably include any a-amino acylated species) accounted for < 7% of the total area, for 
any given time point. 

30 

Example 6 

Acylation of Arg 631 , Arq B32 Human Insulin with Hexanoyl-N -Hydroxy-succinimide Ester 

35 Arg B31 , Arg 632 human insulin (1 .3 mg) was dissolved in 200 uL of 200 mM (3-[Cyclohexylamino]-l-propanesulfonic 

acid) buffer at pH 10.4. Hexanoyl-N -hydroxy-succinimide ester (0.3 uMoles) dissolved in N,N-Dimethylformamide 
(DMF) was then added and stirred into solution. The reaction mixture was stirred at ambient temperature (20° to 25° 
C) for approximately four hours, then quenched by adjusting the pH to approximately 2.5 using 0.1 N HCI. Gelatinous 
particles were removed by passing the mixture through a 0.45 micron filter prior to HPLC analysis. Separation of the 

40 titled product from starting material was achieved on a C 4 reverse phase analytical HPLC column. The reaction yield 
calculated as the amount of B29-N e -hexanoyl-Arg B31 : Arg^-Human Insulin in the quenched reaction divided by the 
initial amount of Arg 831 , Arg B32 -Human Insulin was 69.4%. 

Example 7 

45 

Acylation of Leu 626 Human Insulin with N-Succinimidyl Palmitate in DMSO 

Leu B26 -Human Insulin (1.0 mg) was dissolved in 1 mL of 95% Dimethyl Sulfoxide (DMSO), 5% Triethylamine 
(TEA). N-Succinimidyl palmitate (0.7 pMoles) dissolved in N,N-Dimethylformamide (DMF) was then added and stirred 
so into solution. The reaction mixture was stirred at ambient temperature (20° to 25° C) for approximately ninety minutes, 
then quenched by diluting the sample to 0.2 mg/mL with 0.1 N HCI. Gelatinous particles were removed by passing the 
mixture through a 0.45 micron filter prior to HPLC analysis. Separation ot the titled product from starting materia! was 
achieved on a C4 reverse phase analytical HPLC column. The reaction yield calculated as the amount of N^Palmitoyl- 
Leu B26 - Human Insulin in the quenched reaction divided by the initial amount of Leu 626 Human Insulin was 36.4%. 

55 
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Example 8 

Acyiation of Human Insulin using N-succinimidyl paimitate in dimethylsulfoxide (DMSO) 

5 A solution of insulin was prepared by dissolving Bbsynthetic Human Insulin crystals (1 g, 0. 17 mmol) completely 

in 20 mL DMSO at room temperature. At the same time, a solution of activated ester was prepared by dissolving IM- 
succinimidyl paimitate (0.0817 g, 0.23 mmol) in 3 mL DMSO at 50°C. To the insulin solution, which was rigorously 
stirred, was added first 1 ,1,3,3-tetramethyguanidine (0.432 mL, 3.4 mmol) and then the entire solution of active ester. 
After 30 minutes, the reaction was quenched with 1 20 mL of 0.05 M HCI previously chilled to 0°C. The pH of the mixture 

10 was about 1.8. Analysis of the quenched mixture by reverse phase HPLC showed that B^ 9 -N e -paimitoyl insulin ac- 
counted for 72.2% of the total protein eiuted, and represented 95% of all mono-acylated insulin. 

The entire reaction mixture was loaded on a Vydac C4 preparative reverse phase column (5x25 cm) previously 
equilibrated with a solvent mixture containing 0.1% trrfluoroacetic acid, 20% acetonitrile in water. After loading, the 
column was first washed with 500 mL of the same solvent, and then developed at a flow rate of 4 mL/minutes and with 

75 a solvent system consisting of 0.1% trifluoroacetic acid, acetonitrile and water, wherein the acetonitrile concentration 
increased from 20 to 80% within 9 L. B 29 -N e -palmitoyi insulin eiuted at this solvent system composing of approximately 
53% acetonitrile. After removal of the solvent by lyophilization the yield of N € -palmitoy! insulin was 414 mg (0.0684 
mmol) or 40.2% based on starting material. 

20 Example 9 

Acyiation of Lvs B28 Pro B29 -human insulin with 1 -octanoyl-N-hydroxysuccinimide ester 

Lys(B28) : Pro(B29) Human Insulin (KPB) crystals (2.0 g) were dissolved in 200 mL of 50 mM boric acid buffer at 
2$ pH 2.5. The pH of the solution was readjusted to 2.5 using 1 0% HCI, and the solution was stirred until the crystals were 
fully dissolved by visual inspection. A solution of activated ester (1 -octanoyl-N-hydroxysuccinimide ester) was prepared 
by adding 175 mg of the solid activated ester to 25.62 mL of acetonitrile, and vigorously stirring until all the activated 
ester particles were in solution by visual inspection. The pH of the KPB solution was adjusted to approximately 10.4 
by the addition of 10% NaOH, and the solution was allowed to stir at ambient temperature for about 5 minutes. Ace- 
30 tonitrile (1 76 mL) was added to the pH-adjusted KPB solution, followed by addition of the previously prepared activated 
ester solution. The reaction was allowed to proceed at ambient temperature for 90 minutes, and was quenched by 
adding 5.5 mL of 10% HCI (2.75% v/v) and three volumes (1200 mL) of cold dH a O, resulting in a final pH of 2.70. The 
reaction yield, calculated as the amount of LysB29(C8)KPB in the quenched reaction divided by the initial amount of 
BHL was 75.5%. This solution was divided into two 800 mL aliquots for purification by hydrophobic chromatography 
35 (SP20SS). Column chromatography was followed by ultrafiltration and lyophilaztion 

The data in Table 2 demonstrates the selective acyiation of insulin, insulin analogs and proinsulin. The experiments 
were carried out at room temperature with N-hydroxy-succinimide esters of the fatty acid. In the following Table, TMG 
and TEA represent tetramethylguanidine and triethylamine respectively. ND indicates no data are available. 

40 



45 



50 



55 



7 



EP 0 712 862 A2 



2 



S ^ ^ 

V u 

-l S 

O K _ 



o < 



"8 

I 



•h 0 
co «h 



Cm* 



■g 2 



0> m 

3* 



$■3 
•8 



4J 

i 

O 

w 



o 


in 


r- 


rr 


cn 


in 


00 




o 


<0 


VO 






fN 




r- 


co 














A 














ro 


m 


ro 


CD 


o\ 




00 


m 

r- 










~-t 


VD 


CM 






m 


*r 


r-H 




<N 




t— i 


> — i 












r- 


r- 


cr\ 


GO 


VO 




CO 


to 


















O 


i 


ov 


o 




VO 


O 








r- 


r— 




VO 


in 





r-l rsi 





*-* 




O 






















Q 


Q 


Q 


o 


a 


O 


r— 




■a* 


m 




Z 


55 






S5 


f— » 




#— « 


f— » 














vo 






r- 


^ 






.— » 


CM 














vo 










o 


»— t 




CM 




r-H 


r- 


o> 




VO 


CO 


GO 


CD 


OO 


vo 






tn 


ro 





o 

V 



E X 0 

e* 2 



•— * vO O CD VO 



CM 

O 



CO 

o 



o vo 

*-4 CM 



O 
V 



rsi 
o 



< 



w 





vO 


vo 


vo 


vo 


vo 


vo 


vo 


t 




.—1 


.—1 


> — 1 






rH 


U 


U 


t_> 


U 


U 


u 


U 





O 

-h oo vo 

Q) t-l i-f 

rH U O V_> 

o 



w 

E-« 



vo 
«— I 

u 



£ 


c 


c 


c 


C 


c 


c 


c 


-H 


H 


-H 


■H 


-H 


•H 


■H 


•H 


.-4 


»H 


r-» 


rH 


rH 


*H 


— ♦ 


» 


3 


3 


3 




o 


3 


3 


3 


to 


tn 


to 


tn 


to 


tn 


tr> 


tn 


c 


c 


c 


c 


c 


c 


c 


c 


n 




t-4 


n 


M 




r-l 


n 



c 


c 


C 


c 


-H 




■H 




rH 




i-H 


i-t 


3 








to 


in 


to 


to 


c 


c 


C 


c 


IH 






M 



CO 


C 


m 


-H 






< 






cn 




C 


m 




CQ 


i 



3 rs 
to in 



— c 

tn 

vo — < 

vo C 



Li 



tn 



O 



1 




vo 




CM 




03 


3 


3 


tn 


0> 


c 


•J 


M 



O 


o 


o 


o 


o 


o 


o 


o 






m 


m 


in 


in 


in 


in 


o 


o 


^ 




\ 


\ 




\ 


o 


o 


o 


o 


o 


o 


o 


o 






m 


tn 


m 


in 


m 


tn 



o 


o 


o 


o 




in 


tn 


tn 


in 


O 


\ 




\ 


\ 


o 


o 


o 


o 


o 




tn 


m 


m 


in 





o 



M 
4-» 

•H 
C 

o 

4J 



0) 

c 
o 

o 



0« 



o 
c 
to 







0 


0) 




0) 








r-l 




rH 


rH 




1 




•r< 




•H 


-H 




c 




M 


M 


M 


1-1 




\ 


f-H 




4-> 


*J 


*J 




»-l 


o 


-H 




■H 


-H 




o 


c 


C 


a 


c 


C 




c 


id 


o 


o 


o 


o 


u 


ta 


D* 




-p 




+> 


Q) 


-C 


0 




a> 


at 


a) 


4J 






u 


o 


0 


o 


(0 


w 


a 




< 


< 


< 


3 



Q 



U4 

a 



a 



o 

CO 



Claims 

1. A process of selectively acylating proinsulirv insulin, or an insulin analog having a free e-amino group and a free 
a-amino group with a fatty acid which comprises reacting the e-amino group with a soluble activated fatty acid 
ester under basic conditions in a polar solvent. 

2. The process of Claim 2 wherein the protein is human insulin, an insulin analog, or Lys B28 Pro B29 -human insulin. 
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3. The process of Claim 1 wherein the activated fatty acid ester is a N-hydroxysuccinimide ester of a C 6 to C 18 fatty 

acid. 

4. The process of Claim 1 wherein the activated fatty acid ester is a N-hydroxysuccinimide ester of a C 14 to C 18 fatty 

5 acid. 

5. The process of any one of Claims 1 to 4 wherein the activated fatty acid ester is a N-hydroxysuccinimide ester of 
palmitic acid. 

10 6. A process of selectively acylating proinsulin, insulin, or an insulin analog having a free e-amino group and a free 
a-amino group with a fatty acid, which comprises reacting the e-amino group with a soluble activated fatty acid 
ester in a semi-aqueous solvent at a pH from about 9.0 to 12.0. 

7. The process of Claim 6, wherein the protein is human insulin, an insulin analog, or Lys B28 Pro B29 -human insulin. 

15 

8. The process of Claim 7, wherein the pH is from about 9.5 to about 10.5. 

9. The process of Claim 8, wherein the semi-aqueous solvent is acetonitrile and water. 

20 10. The process of Claim 9, wherein the solvent is 50% acetonitrile. 

11. The process of Claim 10, wherein the fatty acid ester is N-succinimidyl palmitate : N-succinimidyl octanoate, or N- 
succinimidyl myristate. 
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